The Experimental Study of Cancer by Young, John S.
The Experimental Study of Cancer
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from the Department of Pathology, Queen's University, Belfast
NOWADAYS cancer research has many ramifications. These may be summarized as
clinical and radiological, pathological, statistical, biochemical, and experimental.
This short paper is concerned only with the more important aspects of the experi-
mental study of the disease.
The essential nature of cancer is so obscure that it is not possible to estimate the
several parts which intrinsic and extrinsic factors play in its origin. Probably both
these factors are involved to some degree in every case. Generally speaking, the
extrinsic factors are more amenable to experimental investigation, and considerable
progress has been made in their elucidation during the last twenty years. Neverthe-
less, opinion is still divided with regard to certain fundamental aspects of the cancer
problem, and it would seem to be impossible to reconcile the two prevailing theories
affecting the genesis of the disease. These two theories are conveniently described
as the "chronic irritation" theory and the ''virus"' theory respectively.
'T'he "chronic irritation" theory dates from 1770, when Potts recognized anid
described chimney-sweeps' cancer and pointed out the etiology of the lesion. It was
reasserted by Billroth, who declared that "cancer does not exist without previous
chronic inflammation." During the last twenty years, a large number of agencies
capable of producing cancer under natural and experimental conditions have been
identified, and their variety is extraordinary. To mention only a few of them, there
are X-rays, tar, pitch and certain mineral oils, arsenic, carbon-dioxide snow, and
bur-ns, all capable of setting up cancer in the skin, while cancer in the urinary
bladder can be initiated either by chemical substances derived from the aniline dyes
or by the ova of Bilharzia. Fibiger was able to produce cancer of the stomach in
a large proportion of rats by feeding them with the larvae of a nematode; Bullock
and Curtis have produced sarcoma of the liver in rats by feeding them with the
common tape-worm of the cat. So far as is known, there is no property, either
chemical or physical, common to all the carcinogenic agencies which have been
identified as such. Thus it is assumed that these agencies produce cancer in the long
run by determining identical biological changes in the affected cells, which culminate
in the progressive growth of these cells. Nothing is known about the biological
changes which are alleged to occur in the cells, and the process whereby they are
brought about is described as "chronic irritation," for lack of a better under-
standing. And yet, none of the particular agencies which have been mentioned is
known to play any part in the etiology of tumours of the breast, gastro-intestinal
tract, lung, brain, uterus, and so forth. Therefore, it would appear that the number
of carcinogenic agencies occurring in nature must be multiplied indefinitely. The
knowledge gained by clinical and experimental observation, that certain "chronic
irritants" are capable of producing malignant disease either directly or indirectly,
has been invaluable because it has found ways and means to reduce the incidence of
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duction of a tar cancer in the skin of a mouse remains as mysterious as that of a
spontaneous mammary cancer in the same animal. About the end of the third
month of tarring, one or several warts appear on the tarred area of skin, and then
at some later date, even if tarring is stopped in the meantime, the epithelial cells
invade the subcutaneous tissues and a cancerous growth is established. Berenblum
has shown recently that an actively carcinogenic tar can be inhibited by a small
addition of mustard gas. The initial overgrowth or hyperplasia of the skin
epithelium proceeds in the usual way, but so long as local treatment with mustard
gas is maintained cancer does not develop. In this instance, the carcinogenic
property of a "chronic irritant" is suspended by a more acute "irritant." The
significance of this strange antagonism is not known, but it reveals a sad limitation
of the "chronic irritation" theory of cancer. As a matter of fact, little or nothing
is known about the "irritation" of cells-less, perhaps, than is known about cancer
itself.
The evolution of a cancerous process in man is slow, often separated by many
years from the time of exposure to any of the agencies which are known to be
associated with the disease, and it is frequently preceded by papillomatous forma-
tions which look benign under the microscope. Leitch showed that cancer can be
produced in the skin of a large proportion of mice by tar, even if tarring is stopped
after a few applications before there is any evidence of tumour formation.
Apparently some essential change is brought about in the growth capacity of the
affected cells by the tar, and this change slowly gathers momentum during the
succeeding weeks and terminates in malignant disease. A similar phenomenon is
exemplified by X-ray and arsenic dermatitis in man, and also, perhaps, by a variety
of pre-cancerous lesions occurring under natural conditions such as cystiphorous
epithelial hyperplasia of the breast (Cheatle), cirrhosis of the liver, and leukoplakia
of the tongue. Accordingly, it is widely believed that various agents, of which
some are known and some unknown, initiate cellular changes which may be
expressed many years after by malignant growth. But this is contrary to our general
knowledge of the behaviour of cells. An inflammatory reaction, for example, is
sustained so long as the inflammatory reagent persists in the tissues, but it subsides
when that agent is removed and the tissue cells resume their normal quiet activities.
Persistent or progressive tissue changes are commonly associated in pathological
experience with a persisting extrinsic cause. Hence many workers have adopted
the view that the progressive growth of cancer cells is the effect of a persisting
cause which has been variously interpreted as a virus, as a ferment, and as a
hormone.
From 1910 onwards, Peyton Rous and his collaborators described a series of
malignant tumours occurring in the domestic fowl which could be transmitted to
other fowls by a cell-free filtrate of an extract of the growth. These tumours each
have a counterpart in man, namely, the myxosarcoma, the spindle-cell sarcoma,
and the osteo-chrondo sarcoma. They are further remarkable in the respect that a
minute quantity of filtrate-for example, one cubic millimetre-will often suffice to
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resembles precisely the tumour from which the filtrate has been derived, and it
often appears within a week. More recently, Fujinami has described a myxo-.
sarcoma, transmissible by cell-free filtrates, which will grow equally well in the
fowl and in the duck, but this impartiality is unique. Gye and Purdy have carried
out an intensive study over several years of five filterable tumours in the fowl,
including the Rous sarcoma No. 1, Fujinami's myxosarcoma, an endothelioma,
and two other sarcomas. In their view, these tumours are caused by an infective
complex consisting of (a) an non-specific factor (virus), and (b) a specific factor
comprising a viral element and a cell element. The Rous sarcoma No. 1 and the
endothelioma, tumours of a different histological type, are caused by one and the
same virus, whereas the Fujinami sarcoma, which is indistinguishable microscopi-
cally from the Rous sarcoma, is caused by an antigenically different virus. They
attribute the specificity of an active tumour filtrate not to the virus, but to a soluble
cellular aggressin derived from the affected cells. According to their interpretation,
it is this cellular aggressin which ensures that an injection of filtrate will initate a
tumour process in a connective tissue cell and not in a endothelial cell, or vice versa.
They are impatient with the "chronic irritation" theory of the origin of cancer or
with any other cellular conception of the disease, and they are persuaded that
"cancer is a cell reaction to a living intracellular virus, the reaction manifesting
itself in cell growth and proliferation." On the other hand, it may be highly
significant that these filterable tumours of the fowl form a comparatively limited
group of tumours, since they all originate in mesoblastic elements. Spontaneous
epithelial tumours are not uncommon in the fowl, particularly in the ovaries of old
hens. Hitherto it has not been possible to transmit any of these epithelial tumours
from one fowl to another by means of a cell-free filtrate of an extract of the growth,
and in the mammal no tumour of any kind, either sarcoma or carcinoma, has been
transmitted in this way. These tumours can be passed from one animal to another
animal of the same species only by means of grafts of living tumour-cells, and
apparently the tumour which develops is derived exclusively from these implanted
tumour-cells and not from the tissues of the new host, which merely provide blood-
vessels and stroma for the support of the growing tumour. Consequently, if a virus
is the responsible agent of all these tumours, it must live in such intimate associ-
ation with the tumour-cells that it cannot survive independently of them, while its
biological properties become inseparable from those of the cells. At the same time
the viability of the affected cells is enhanced in three important respects. They are
able to proliferate regardless of the needs of the organism as a whole: unlike
normal cells, they can be grafted successfully in other animals of the same species;
and, under favourable experimental conditions, they can be passed through many
generations for an indefinitely long period greatly in excess of the natural span of
the animal from which the tumour was originally obtained. Thus a virus theory of
cancer presupposes something more than a reaction on the part of the malignant
cell. It introduces a new pathological conception, namely, that there is a symbiosis
of cell and parasite which is expressed by excessive growth of the cells according
to the degree of their malignancy, while every other healthy functional activity of
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nature cannot be accepted on the evidence that is presently available.
Whether the cause or causes of cancer are intrinsic, arising from some biological
change within the cells and affecting the growth capacity of the cells, or extrinsic,
of the nature of a virus or a ferment or something else, the fact remains that
abnormal growth of cells is the cardinal characteristic of the disease. The inter-
pretation of this abnormality must proceed in the logical course of events from a
better knowledge of the processes of normal growth. Countless efforts have been
made to solve the problem of the causal genesis of cancer by the direct method.
The remarkable success which attended the pioneer experiments of Fibiger and of
Yamagiwa and Ichikawa, removed a mighty obstacle from the path of the cancer
research worker by showing that cancer can be p;roduced under experimental con-
ditions. Twenty years later, the experimental production of cancer in mice and other
animals has become a routine procedure in many laboratories. A steadily increasing
number of carcinogenic agencies has been recognized, but our knowledge of the
essential facts of the disease cannot be said to have increased in proportion. The
number of "chronic irritants" has been multiplied, whereas our knowledge of
"chronic irritation" has not adlvanced in any significant degree.
It seems to be a fair conclusion that this direct method of investigation of the
nature and cause of cancer has failed to solve these problems for lack of funda-
mental information concerninig the biological activities of cells. Therefore I would
venture to advocate a more deliberate investigation of the behaviour of normal cells.
Some progress can be made in this direction by the employment of very simple
physical and chemical reageints. With such reagents, it is possible to analyse at
least some of the factors which are concerned in the proliferation of normal cells.
When the operation of these factors is better understood, then, perhaps, we shall be
enabled to approach the problem of the proliferation of cancer-cells with a greater
hope of success.
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